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1 
 .Th_..! :!nventlon rlates to .valves for vrying 
fluid :flow," and particularly concerns valves for 
accurately graduating flid flow on a desirid 
basis, particularly microscopic flows, as may be 
required, for example, in conjunction with fluid 5 
pressure systems wherein it is desirable to obtain 
a selected rate of fluid flow from one portion of 
the system to anoter, which rate is substantially 
directly proportional to the pressure drop across 
the-vulve orifice. 10 
Vulves of the type just referred to are com- 
monly used in the reset system of a proportional 
reset pneumatic controller for .establishing a se- 
lected reset rate which is suited fo the particulr 
process under control. As is well known to those 15 
skilled in the art, allowable reset rates which may 
be. applied fo different processes vary over a wide 
range of Values, and therefore the reset rate suitel 
fo one process may be 2o fo 30 rimes us great us 
the reset rate permissible for another process. 20 
And since it is customary fo obtain a reset rate 
which is suited fo a process by increasing the rate 
until instability occurs and khereafter reducing 
the rate until stability is obtained, to achieve 
25 
stabiltty !t is preferable to make rate stop re- 
ductions on a percentage basis. Thus if the rae 
at instability is 100 units, it might be round neces- 
sary to reduce this rate to 50-units for stability. 
On the other hand, if the process was unstable at 
10 units, stabCity might be achieved by reducing 30 
the rate to 5 units; and since adjustments are 
rnade in steps which represent approximate equal 
percentages of the previous index rate value, when 
smaller reset rates are invoved, it is desirab[e o 
provideascale of lndicia which perln.its very sma!l 35 
index setings fo be ruade ,with accuracF. 
Whfle a valve .Of the type herein eferred fo is 
capable .of graduating fluid .flow on a basis which 
is substantially proportional to pressure drop 
across te vlve:oriflce, te axial movement of-the 4O 
valve member is not linear with the change .in 
rate of flow af anY giron pressure drop across 
the valve orifice .owing _to various factors which 
affect, the velocity of flow khrough a restricted 
area. Tests serve to show tht the flow char- 45 
acteistic of the .vatve is such tht under a giron 
pressure drop, the valve lift per increment oï 
change in flow varies materially throughout the 
valve operatlngrange. And it therefore becomes 
desirable t0 prov.ide a scale of indicia, represent- 50 
ing -reset rates, on a. basis which is substantially 
in exact c0rrespondence wit the flow character- 
istic of the valve. And since extremely fine gradu- 
ati0_ns Of fiow are required, !t.is also desirble to 
p.rovlde moins _for positioning .the stem and valve 55 
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memher Ma_.ly.o the cçntrol orifice in a raan!er 
whereby a r¢latively large movement Of the 
justlng means imparts a relatively small more- 
ment to the vulve member. For this purpose, .i 
if customry to provide a hand adjustment kneb 
with threads which are closely pitched and.re 
quire more than one turn of te knob to s.trke 
the vulve member throughout ifs operating range; 
and if therefore is disirabli fo provide some fonn 
of adjustment indication which wil! enable-the 
vulve fo be set substantially af the exact sett!g: 
desired throughout more than one turn of the 
justment knob. 
In order fo indicate the adjustment to which 
the valve is set, the hand adjustment knob is 
vided in some instances with un -index which 
rotates with the knob against indicia laid 
concentricaliy therewith., However, such a sc!e 
fails to show ai whiih turn the adjustmen_t 
established when more than one turn is reqired. 
One means for overcoming this diflïculty is in the 
form of a pair of meshed gears, one of which turns 
with the hand knob and rotates a larger gear 
which is adapted to make hot more than one turn 
throughout the range of adjustment. Thus an 
index secured to the large gear may operte 
against a scale .coneentric therewith to ind!ca_te 
the position of adjustment throughout more than 
one turn of the knob. 
While the last-mentioned method of adj,ust 
ment is un improvement over the first-menti0ned 
method, if complicates the mechanism .and 
cr.eases the manufacturing cost. Furthêrraore, 
since the .method .of adjustment is on a basi 
proximating geometric progression, the 
of valve .movement and accordingly the 
between he indicia becomes so congestcd a£. 0ne 
end of khe scale, us the valve member appo_a.cheS 
its seat, that it is impracticable for the operator 
to make.he adjusments desired because khe scale 
canner be read with a reasonable .degree of ac- 
curacy. In the valve embodying this. inVenti0n -I 
bave combined un improved form of aJustment 
indication with a rotatable and axially móa]le 
adjustment knob by which un index may c0qpr- 
are with a scale of indicia which are amply .spaced 
throughout the operating range of the vaiïreo 
whereby it becomes a comparatively simple m.aer 
to establish un exact settng at any desired eset 
rate. 
Accordingly, it is un object o this inven_i.on_ 
to provide a vulve for varying fluid flow whlch 
may be set ai the exact valve opening des!red. 
If is un object of this invention to proide 
vulve bY which the rate of fiuid flow, at a gi.ve 



3 
pressure drop across the valve, may be varied 
substantially in exact accordance dth the flow 
characteristics of the valve. 
Itis an object of this invention fo provide a 
valve for varying microscopic flows of fluid, in- 
cluding a rotatable adjustment knob requiring 
more than one turn to vary the valve opening 
throughout the operating range, by which rates 
of flow may be established, within the valve ca- 
pacity, from indicia wh!ch may be amply spaced 
for the purpose. 
Itis still another object of this invention to 
provide a reset valve for use in the reset sYstem 
of a pneumatic controller by which rates of flow 
may be established as may be indicated by indicia 
representing reset rates, whereby valve adjust- 
ments at each of said indicia vary fluid flow 
through the valve in accordance with ifs flow 
characteristics, thereby providing a substantiaHy 
exact setting at the reset rate desired. 
These and other objects of this invention will 
be more fully hereinafter set forth and the novel 
features thereof wfll be more clearly understood 
from the following description when taken in 
connection with the accompanying drawings, in 
which: 
Fig. 1 is a vertical section of a valve embody- 
Ing my invention, the section being taken on the 
line I--I of Fig. 2; 
Fig. 2 is a section taken on the line 2--2 oï 
Fig. 1; 
Fig. 3 is a perspective vlew of certain parts, 
and 
Fig. 4 is a fragmentary view showing certain 
parts of Fig. 1 in different relative positions. 
Havlng reference to Fig. 1 of the drawings, 
there is shown a valve, embodying my invention, 
which ls particularly adapted for use in the re- 
set system of a proportional-reset pneumatic con- 
troller for establishlng a selected rate of fluid 
flow from one portion of the system to another 
on a basis which is substantially directly pro- 
portlonal to the pressure drop across the valve. 
For this purpose the valve preferably is provided 
with a housing f0 having a flanged member |! 
ai one end for supporting a valve body |2, and 
havtng a plate 13, at the other end, provided 
wlth a central opening into which a cup-shaped 
connector 14 is secured and threaded af |5 for 
connection with the back plate of a controller, 
not shown, the parts referred to, together with 
additional parts tobe described, being arranged 
to define a capacity chamber 16 for the reset 
system. Pipes 17 and 18 serve fo connect the 
valve body |2 and capacity chamber 16, respec- 
tively, with the reset system of a controller which 
is hot herein illustrated, since it is well known 
to those skilled in the art and may be arranged 
in any usual manner. 
The flange member 11 is provided with an outer 
cylindrical flange portion |9 which is secured 
to a wall portion 20 of the housing 10 and forms 
an extension thereof, an inner cylindrical flange 
portion 21 being also provided through which the 
valve body 12 is received and makes a tight joint 
therewith, preferably by means of an annular 
fiange 22 on the body, a gasket insert 23 and 
screws 24. The outer cylindrical flange portion 
19 bas an opening 2 through which the pipes 
18 and 17 extend, the former communicating 
with the capacity chamber 16 through a suitable 
Port 2 in the flange member 11 and the latter 
communicating with the interior of the cup- 
shaped body |2 through a port 27 in the body 
wall. 

4 
The valve body 12 has a base 28 atone end 
with a central bore therein, the base being re- 
cessed at 2 to receive an orifice member 3 which 
may be secured thereto as by solder. The other 
5 end of the body | is open and is internally 
threaded af ! fo receive a correspondingiy 
threaded intermediate 32 which bas a suitable 
flange 33 for making a tight joint with the body. 
Axially of the intermediate 32 is a bore which 
]0 is enlarged at 34 and'threaded af 39 to receive 
an aoeustment screw 7 having an adjustment 
knob or valve actuator 3, and is also enlarged 
at 3 to receive a gland nut 37 of inverted cup- 
shape. Between the eniarged portions  and 
]5 of the bore is a guide portion 33 through which 
a stem 4 extends and makes a sliding fit there- 
with. One end of the stem 40 is received within 
a socket 1 disposed axially of the adjustment 
knob 3 and the other end of the stem projects 
2o into the gland nut 37 through a central pen- 
ing 42 in the base of the nut with which if makes 
a sliding fit, suitable packing 43 being provided 
fo prevent leakage between the parts. 
Secured to the base 28 of the valve body is 
2.5 a cup-shaped member 44 which is flanged af 
and is received within a recess $ in the base of 
the body fo which it may be.detachably con- 
nected by screws one of which is shown af 
The cup-shaped member defines a chamber 
0 at one side of the orifice member 30 and the 
valve body 12 together with the intermediate 
gland nut 3 and stem 4, enclose a chamber 
at the other side of the orifice member. Axially 
disposed in the member $0 is an orifice 2 which 
5 affords fluid communication between the cham- 
bers | and , the last-mentioned chamber be 
ing provided with a port 3 which t0gether with 
a port 7 in a spring button 60, fo be described, 
serres as a means of connecting the chamber 
40 with the capacity chamber 16. Thus the body 
chamber ! atone end of the orifice 2 may be 
in fluid communication with one portion of a 
reset system of a controller and the chamber 
0, at the other end of the orifice, may be in fluid 
45 communication with another portion of said 
rem. 
In the application herein illustrated, the valve 
is adapted fo graduate microscopic flows of fiuid 
on an extremely fine and accurate basis and for 
0 this purpose a valve plug 55 having a very gradual 
taper is provided. The valve plug extends 
through the orifice 52, the wall or seating sur- 
face of which is correspondingly tapered to 
provide a tight shutoff, the parts being 
5.5 ranged so .that a relatively large increment of 
valve movement results in a relatively smali 
change in fiuid flow. The ratio of orifice length 
to flow area is such that under a selected rangë 
of change in pressure drop across the orifice 
60 ]aminar flow obtains through the orifice so. that 
the rate of fluid flow af a given valve opening 
varies substantially in direct proportion fo the 
pressure differential across the orifice. The valve 
plug 55 is provided with a spring button ] and 
6. a shank 58, the former being supported on a 
helical expansion spring 5 which surrounds the 
shank and rests on the spring button 6 which 
is disposed on the base of the cup-shaped ruera- 
ber 44. The tapered end of the plug 5§ is adapted 
70 tobe engaged by the valve stem 40 which is pro- 
vided with a hemi-spherical end 61 so that a ball 
point contact s obtained between the parts. The 
spring button 60 is preferably provided with a 
spring bearing surface 62 which is inclined at an 
75 angle to a surface normal to the axis of the 



orifice 2. Collars  and 64 on the spring bu.- 
forts 51 and 60, respectively, serve to center the. 
spring 59 and by rneans o the inc]ined bearing 
surface 62, the end of the spring which engages 
the button 57 tends fo. be biased .laterally of 
the orifice axis whereby the p]ug is guided at 
substantially fixed points 65 and G at opposite 
sides and ends of the orifice 52 from a position 
just off. its seat to maximum valve opening. By 
this means a crescent configuration of flow path 
s maintained at the ends of the orifice and wha' 
issubstantially an armular shaped flow path oh- 
tains at the mid portion of the orifice, the com 
bined corffiuration being held substantia!ly 
changed throughout the valve rnovement. With 
the parts arranged as described, selectd settings 
of the va!ve rnay be repeated with uniform 
sults under the sarne conditions oï pressure drop, 
and a fiuid flow characteristic produced in open- 
ing the valve throughout ifs operating ïang is 
substantially repeated in the reverse movement 
as the valve is closed. 
If will be understood that when the valve is 
applied to a pneumatic systern of limited capacity 
flnely graduated adjustrnents are necessary and 
for this purpose the threads 39 on the inter- 
rnediate 2 and the corresponding threads of the 
adjustment screw 7 are closely ,pitched so that 
more than one turn of the knob is required to 
operate the valve plug 55 ïrorn closed fo maximum 
epening,  Thus if becornes necessary fo provide 
sorne form of indicationby which the exact set- 
ring of _he hand knob throughout a range of 
rotation of more than one turn rnay be indicated. 
rthermore, it will be understcod that to obtain 
t!e same percentage change in rate of fiow at 
s.m@_ller valve openings as occurs at vider valve 
0 r_ings, th adjusted valve movement rnust be 
prOgres_sively reduced in accerdance with the flow 
characteristic o tle valve as th valve plu 
approaches its seat. Thereïore the incremnts 
of movement beç0me se çeduced at the closing end 
of the range that indicia rel'esenting selected 
adJustments are necessarily so closely spaced, 
When laid out on the usual scale concentric fo 
 a cèntèr oï rotation, that it isdiflicult to indicate 
an accurate setting. 
With a view to providing a means of adjust- 
ment indication which rnay be readfly adapted 
to the fiow characristics of a valve, and which 
provtde ample spacing ïor indicia throughout the 
valve operating range, I oombine with the housing 
of the valve a scale plate  provided with indicia 
7 | laid out along one side of a slot 72 having a 
configuration approxirnating an Archirnedes 
spiral. The scale ,plate 7 is received within a 
recess 7 in the rnernber | | and may be detachably 
connected thereto by screws 7, the pla being 
provided with a central opening 75 through which 
the adjustment screw 67 extends. An index, 
generally indicated at 76, is mounted in the scale 
slot 72 and actuated by an arrn 77 which is 
carried by the adjustment screw 67-and is adapted 
to rotate therewith. The arrn is provided with 
a collar 79 in the form of a hollow cylinder 
which is adapted to rnake a snug fit owr an 
unthreaded portion 79 of the adjustment screw 
6 and may be secured thereto at any desired 
rotative position by rneans oï a set screw 9. The 
collar 9 is reduced at | to receive an annular 
flange 12 with which the arrn 77 is provided and 
may be peened thereto as indicad at . The 
index 1 is adapted to cooperate with the indicia 
| at the side of the spiral slot 2 and in the 
valve as herein illustrated, the indicia are posi- 

tioned to_ establish.v.alve,opengs providtng 
of uid flow  sccordance with rese 
required  the e sysm of a pnea-tic 
controler. 
5 The index 6 cludes. a p 8 havi an end 
portion 85 whch  adapted  make a slig fit 
 the slot 2, an annular flange 6 being pro- 
vided at the innr end oï said poion for engag- 
ing the inner sface  oï the. scale plate ai the 
10 edges of the slot AMally of the pin  a bore 
88 to which a screw 89. may be threaded, e 
index being provided th an incator sho 
af 9 n Fig. 3 having a central opeg 90 
through which he sczew is ïreely zeceived where, 
15 by the cator may be clamped agait thè 
end surlace 92 of the n. The dicar 
iludes an tndicator portion 3  (s F. 3 in 
çhe form of a segmen of a circle, the en .of 
said poion being adapted fo extend- over the- 
20 edges of the slot with ïts apex 4  indicatg 
relation with the indicia  . The length of te 
nd poAion  of the pin is such that the par 
are adapted fo slide freely along the slot, the 
dicar portion 9 and collar 6 functining 
25 prevent an axial displacement of the ,pin. In 
ortier that the dicator portlon 93 of the index 
may be retained in a position wherein its longi- 
tudal is is subsntially radial with the center 
of rotation of the adjustment knob  I provide 
30 guide members  and 96 wch are preferably 
tegral with the indicator portion and are dis- 
posed in the saine plane therewith and at right 
angles o the longitudinal axis thereof. At the 
ends of he gde members 9 and 9, I provide 
35 flngers  which engage the slot 2 and make a 
sling fit hereh. By this means he dex 
may be maintained in radial relation with the 
axis of the adjustmen knob for cooperation with 
he dicia  . 
0 It All be unàerstood that the adjzent ob 
3 bas a combined rotary and axtal movement 
and that the index 6 bas a combed rotary 
and radial movemenk To provide means for 
operatively connecting the index arm  with the 
5 index 6, I provide the a wih a longiudally 
disposed slo 9 hrough which a sha 99 of 
the p extends and makes a working fit there- 
with. The slot  in the arm is of suitable lenh 
o permit the p 4 o more radially of the 
50 scale plate 7 as it travels from one end of the 
spiral slot 2 fo the other, it beg dersod 
that the spiral slot  of suoecient length fo petit 
the valve plug  o more throughout its oper- 
ating range as the ausent knob is roted. 
55 To prode for aal movement of the knob, the 
pin shank 9 ls of suoecient length o engage the 
arm slot  throughout the axial movement re- 
quired of the valve plug. Thus an index may be 
actuated o more spirally  a flxed plane by a 
60 threaded adjustment ob having a rotary motion 
and in addition a motion transverse o said dex 
plane. 
Referring to Fig. 2 the parts are so arranged 
that when the adjusent screw  is turned 
65 clockwise the stem 4 is depressed and the valve 
is thereby opened. erefore when the index 
approaches the inner end of the spiral slot, the 
valve is wide open, and when it approaches the 
outer end of said slot, the valve is closed. As the 
70 index moves from the inner end of the slot 
the pin  moves radially along the a slot 9, 
whereb for each increment of rotation of the 
adjustmnt knob, the movement of the index 
along the spiral slot is progressively increased 
75 nd since the incremen of rotation are neoes- 
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sarily progressively reduced as the valve plug 
approaches ifs seat, as pointed out abovC the 
multiplication of movement of the index as itis 
actuated radially from its center of rotation, 
substantially offsets the progressively reduced 
increments of rotation of the knob as the valve 
approaches ifs seat. Thus the indicia are amply 
spaced at the valve closing end of the scale, even 
though they are laid out on the basis of reset 
rates wherein the valve movements indicated are 
necessarily reduced on a basis which approxi- 
mates geometric progression. 
I regard the device embodying my invention 
as an important improvement in the valve art 
for it provides an extremely accurate means for 
establishing valve settings on a desired basis, is 
reasonably simple and inexpensive fo produce, 
and lends itself to manufacture in quantity lots. 
While the valve herein shown is particularly 
adapted for use in connection with the reset 
system of a pneumatic controller, it will be un- 
derstood that it may be equally well adapted to 
other uses where valve adjustment indication is 
required. 
Having thus described my invention, what 
claim as new therein and desire to secure by 
Letters Patent of the United States, is: 
In a valve for varying fluid fiow on an equal 
percentage basis in respect fo valve lift of the 
class wherein a rotatable valve actuator in the 
form of a screw threaded into the va!ve sructure 
is moved axially on a progressively varying basis, 
a cylindrical portion secured fo said structure 
having an annular recess at one end thereof, a 
disc-shaped plate having ifs periphery mounted 
in said recess and secured fo said cylindrical por- 
tion, said plate having a central opening and a 
slot in the orm of an Archimedean spiral sur- 
rounding said opening, a screw operating mem- 
ber having an inverted cup-shaped portion into 
which the outer end of said screw is received and 
is secured thereto, the inner end of sid cup- 
shaped portion extending through the central 
opening in said plate and having an annular 
cess, an arm having an annular fiange mounted 
in said recess and secured fo the cup-shaped pot- 
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tion, said arm being disposed in parallel with 
said plate and having a slot extending along the 
longitudinal axis thereof, and an index compris- 
ing an indicator and a pin, said pin "having a 
5 flange engaging the inner face of said plate, a 
portion extending through said spiral slot and a 
portion extending through the slot in said arm, 
the portion which extends through the slot in 
the arm being adapted to engage the slot in said 
10 arm throughout the axial movement of said 
screw, and said indicator being detachably 
cured to the end of the portion which extends 
through said spiral slot and including an indi- 
cator membre- and a guide member, said indi- 
15 cator member having portions extending over 
said plate af opposite sides of said spiral s!ot and 
said guide member having fingers af each end 
thereof making a sliding fit in said spiral slot, 
a rotation of said screw varying the linear posi- 
20 tion of said index in said spiral slot on a basis 
which is in inverse proportional relation ço the 
axial movement of said screw. 
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